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The purpose of this study was to test how changing the bicycle frame
geometry; from a shallow frame geometry [seat tube angle (STA) of72°] to a steep
frame geometry (STA of 82°) affected the electromyographic (EMG) signal of the
hamstrings [biceps femoris (BF) and semitendinosus (ST) muscles] and the
quadriceps [vastus medialis (VM) and vastus lateralis (VL)] and power (max, mean,
min, and,% drop) during a Wingate anaerobic test (WAT). To measure the muscle
recruitment and power, 12 experienced triathletes were prepped with surface
electrodes to measure EMG amplitude and an electrogoniometer to measure knee
joint angle while performing a WAT. EMG normalization was performed using
maximal voluntary contractions of knee flexion and extension at knee joint angle of
45°. Muscle recruitment was not changed across the STA for the BF, VM, and VL.
The ST did show a significant interaction in both STA from the start of the test with
EMG amplitudes of 54.61
the test, 65.12

± 20.88 % MVC and 53.35 ± 27.91 %MVC to the end of

± 30.86 % MVC and 45.44 ± 15.99 % MVC (p = 0.049).

During a

WAT, there are no differences in power production or muscle recruitment patterns for
the BF, VM, and VL, however there is a significant difference in muscle recruitment
for the ST with less muscle activation at a STA of 82° versus 72°. There were no
significant differences in power across the two STA. The reason for the use of a
steeper STA in triathlon is not therefore for the power purpose, it is for the comfort
and decrease in activation of specific muscles.
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Introduction

Triathlon is a physically challenging sport involving three disciplines:
swimming, cycling, and running. Each sub-discipline of triathlon is unique in the
movement patterns involved. Swimming uses both upper and lower body for motion
through the water, cycling relies almost entirely on the lower body for propulsion
across the land in a seated position, where as running relies mostly on the lower body
in the upright position.
Difficulties in the transition between events will sometimes negatiyely affect
the overall performance of triathlon. One strategy triathletes have adapted to help
with performance decrements h'as been to alter the frame geometry of the bicycle.
The most common alteration in the bicycle frame geometry is changing the seat tube
angle (STA) (see Figure 1). The STA is defined as the position of the seat relative to
the crank axis, the pedal shaft and the center axis of rotation for the front gears, of the
bicycle (17). The typical range in STA for a road bike is between 70° to 76°. This
position places the rider in a posture more similar to sitting in a chair with the hips
behind the feet and crank axis. A triathlon bike usually has a steeper geometry with a
STA greater than 76°. The steeper STA places the rider in a posture more similar to
running with the hips over the feet and era~ axis (2).
Road cyclists claim that STA's between 72° and 76° are most effective for
optimal performance in racing (12). Anecdotal testimony of triathletes, however,
suggests that a steeper STA (greater than 76°) provides a smoother bike to run
transition, allowing for greater comfort, efficiency, and power production when
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running or biking (12). Gnehm et al. showing that increasing the STA extends the
hips, allowing a more forward and crouched upper body position, resulting in a
decrease in drag and higher speed (8). Garside and Doran (7) found that a steep STA
(81 °) significantly decreased the first 5k time of the subsequent 1Ok run, and found
that there were no differences in physiologic variables, however heart rate, stride
length, and stride frequency were increased during the 81 ° STA. The authors
concluded that the differences in muscle recruitment between a steep STA and a
shallow STA might facilitate the distribution of muscular activity towards a greater
contribution of the hamstrings and gluteus muscles. They suggest that future studies
should examine the motor recruitment patterns of the muscles involved with cycling
at different STA's to see ifrecruitment strategy does change when the STAis
changed.
Several studies have examined the effects of STA on subsequent performance
and physiologic variables during cycling and or running. Heil and colleagues (10)
examined cardiorespiratory (CR) responses to STA variations, and found that steeper
STA's (76°, 83°, 90°) produced smaller CR responses compared to a shallow STA
(69°). Heil and colleagues (9) also showed that shallow STA elicited the highest HR
and V02 responses. Price and Donne (14) found that increasing the STA produced
lower mean V02 and significantly higher power efficiency. These results show that a
higher STA improves the effective force transfer during the second half of the pedal
stroke accounting for the increase in power efficiency and decreased CR costs.
Although many authors have used electromyography (EMG) to study cycling,
few have looked into EMG and STA together. EMG is used to display muscle

3
activation patterns and has been extensively used to interpret muscle recruitment
patterns in cycling (13). Creer et al. used EMG looking into neural adaptations
during sprint interval training (3). Ericson also used EMG to determine muscular
function and activity during ergometer cycling (5, 6). Hunter et al. studied EMG
signals during a Wingate Anaerobic Test (WAT) and found no significant change in
EMG amplitude as well as creating an EMG normalization method for fatigue
protocols (11). Savelberg et al. (15) inspected how body configuration affects muscle
recruitment. Finally, Vanderwalle (17) examined EMG during all out exercise on an
ergometer.
Many studies have reviewed the aerobic and physiologic characteristics of
changing the STA in triathletes and cyclists, but less is known about the anaerobic
power ofthese athletes with STA modifications. Anaerobic power plays a large role
in cycling, whether to triathletes or competitive cyclists. Both types of athletes may
use anaerobic power to aid in breakaway attempts, hill climbs, and final sprints across
the finish line. A study by Tanaka and colleagues (16) measured the anaerobic power
characteristics of cyclists in the United States Cycling Federation using the Wingate
anaerobic test (WAT), however, their results gave baseline anaerobic power
measurements for non-specific STA.
Past research suggests that STA could effect physiologic performance
variables, however, to our knowledge, no study has examined the muscle recruitment
strategies when changing the STA, therefore, the purpose of this study was to
determine if differences in STA would affect; 1) the muscle recruitment strategies of
the quadriceps femoris [vastus lateralis (VL), vastus medialis (VM)] and the

hamstring [semitendinosis (ST), biceps femoris (BF)] muscles and2) the power
output [maximum power (Wmax), average power (Wave), minimum power (Wmin), and
percent drop (W%drop)] during a Wingate anaerobic test (WAT).

Methods
Subjects
Twelve experienced (having at least 1 year of racing experience or competing
in 1 triathlon) triathletes (10 men and 2 women) participated in this study. The
subjects mean± standard deviation for age, height, and body mass were 37.9 ± 8.9
years, 1.79 ± 0.09 m, and 80.76 ± 11.98 kg, respectively. All subjects were given
informed consent, Par-Q questionnaires, and inclusion/exclusion questionnaires
during an introductory meeting. After receiving an explanation of the experimental
protocol and signing consent forms and completing the questionnaires, each subject
performed a 30-second Wingate anaerobic test to allow them to become accustomed .
to the Monark ergometer and the WAT.

Instrumentation
Power output during a 30 s Wingate test was measured using a Monark
stationary ergometer (Stockholm, Sweden, Model 895E Peak) with 10% of the
subjects' mass in the weight basket. The weight basket was instrumented with an
electromagnetic sensor, which produced a 5 V square wave when the weight basket
was dropped.
Knee joint angle during each Wingate test was obtained using an
• electrogoniometer, which was attached to the lateral side of the subjects' knee.
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EMG signals were differentially amplified with a gain of1000 and a
bandwidth of 16-1000 Hz at -3dB using a Noraxon Myosystem 2000 (Scottsdale,
AZ). The Noraxon amplifiers have an input noise below l mV RMS and an effective
common mode rejection ratio of135dB. Bipolar surface electrodes, Ag/AgCl, 1 cm
circular detection area and a fixed interelectrode distance of2 cm, (Noraxon #272),
were used to record EMG signals.
EMG, Monark weight basket signal, and the knee electrogoniometer signals
were sampled at 1000 Hz using a Dell computer equipped with a Keithley-Metrabyte
(Taunton, MA) DPCA-3107, 16-bit analog-to-digital converter. A specially written
Visual Basic program was used for data collection and analysis.
Experimental Protocol
The order ofseat tube angle testing was counterbalanced so that halfofthe
subjects began with 72° and halfofthe subjects began testing at 82°. Trials were
performed at least two days apart. Subjects were allowed to self-select their seat
height at the start ofeach testing session with the seat tube angle set by the
researchers. The subjects then warmed-up by cycling at a selfselected resistance and
cadence for 5-10 minutes. Following the warm up, the electrode placement sites were
prepped by shaving the skin to remove hair. After shaving, the skin was abraded and
cleaned with an isopropyl alcohol pad inside a gauze pad to reduce skin impedance.
The electrodes were attached to the right leg over the belly ofthe vastus medialis
(VM), vastus lateralis (VL), semitendinosus (ST) and biceps femoris (BF) muscles,
aligned parallel fo the direction ofthe muscle fibers and securely placed on with
under-wrap and elastic stretch tape. A ground electrode was placed over the tibial
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tuberocity. After electrode placement, an electrogoni01;neter was securely taped to
the lateral side of right knee, with the pivot of the electrogoniometer aligned over the
axis of the knee rotation.
Following application of EMG electrodes and the electrogoniometer, each
subject performed three isometric MVC knee extensions and knee flexions at a 45 °
knee angle. EMG signals were sampled during the MVC trials for 1 s at 1000 Hz.
After completing the MVC trials, the subjects returned to the bike and performed a
second warm-up for 5-10 minutes. The WAT was then initiated by giving the
subjects a verbal count down prior to dropping the weight basket. The subjects were
instructed to attain maximal pedal_velocity by the end of the count down, at that
point, the weights were dropped and the subject performed the WAT. The subjects
were verbally encouraged to pedal as fast as possible throughout the test. During the
test, the subjects were not allowed to get out of the seat or change their hand
placement on the handlebars during the test. EMG, knee electrogoniometer and
weight drop pulse data were sampled at 1000 Hz for these 36 seconds during the
Wingate test, 3 seconds prior to the start of the test and 3 seconds following the end
of the test.
Data Analysis

The MVC trials were analyzed by computing the RMS amplitude of the EMG
signal for all four muscles and the highest amplitude was retained for normalization
of the EMG during the Wingate trials. EMG amplitude was calculated for MVC and
Wingate trials using the following RMS_equation.
RMS= .Jun

z:;- EMG(i)
1

2
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The Wingate trial data were analyzed by first finding the start of the weight
basket drop (Figure 2). Knee extension and flexion phases were identified from the
electrogoniometer. Full knee extension was determined to be 180° on the
electrogoniometer. EMG amplitude for the vastus lateralis and vastus medialis
muscles were determined by computing the RMS of the first five and last five
extension phases. EMG amplitude for the biceps femoris and semitendinosus
muscles were determined by computing the RMS of the first five and last five flexion
phases. EMG amplitudes were normalized by dividing by MVC amplitude of each
muscle.
Instantaneous power was computed for the entire 30 s Wingate test. The
following power variables were computed from the instantaneous power: peak power,
average power; minimum power and percent power drop. All power variables were
normalized by dividing by the subjects' mass in kg.
Statistical Analysis

A 2 x 2 repeated measures ANOVAs were used to analyze the effects of seat
tube angle (72° , 82°) and fatigue (average of first five revolutions, average of the last
five revolutions) on EMG amplitude. Paired t-tests were used to test the effects of
seat tube angle on the followin� power variables: peak power, average power,
minimum power and percent power drop. An alpha level ofp � 0.05 was used to .
determine statistical significance.
Results
The means and standard deviations for all dependent variables are provided in
I

Tables 1-2. There was a significant interaction in the ST over time across the two
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STA's F (1,11) = 4.875, p = 0.049, power= 0.522 (Figure 3). The last five pedal
strokes of the power test were significantly different for both STA's of72° and 82°
with mean amplitudes of65.12 ± 30.86 % MVC and 45.44 ± 15.99 % MVC
respectively, compared to the first five pedal strokes for STA's of72° and 82° with
mean amplitudes of 54.61 ± 20.88 % MVC and 53.35 ± 27.91 ¾MVC. The 72° STA
had an increase in EMG amplitude where as the 82° STA had a decrease in EMG
signal from the first five pedal strokes compared to the last five pedal strokes. The
three other muscles studied did not show significance in STA from start to end (Table
1).

The quadriceps muscles did not show significance in STA by fatigue
interaction from the beginning of the test to the end of the test, however, the EMG
amplitude did show significaht fatigue (p < 0.05) in both the VM, F (1,11) ~7.87, p =
0.017, power= 0.724 and VL, F (1, 11) = 6.78, p = 0.025, power= 0.660 from start
(first five strokes) to end (last five strokes). The VM and VL amplitudes were 77.93

± 27.67 and 67.71 ± 10.49 in the beginning of the test and 88.22 ± 30.79 and 77.22 ±
18.14 in the end of the test respectively.
The power measurements (Wmax, Wave, Wmin, and W%drop) did not show any
significant differences over time at the two different STA(Table 2).
Discussion

The purpose of this study was to determine if muscle activation and power
were changed due to variations in STA. It was initially hypothesized that the
recruitment patterns of the four muscles studied would be different across the two
STA's. Our results however, demonstrate only the ST had a significant difference
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when comparing the values ofEMG amplitude. In general, the hamstring muscles
(ST, BF) tended to decrease in EMG amplitude from STA of72° to 82°, where as the
quadricep muscles (VM, VL) increased equally in EMG amplitude across both
STA's.
The hamstrings were more activated during the up stroke of the cycle at 72°
because the legs were behind the crank axis. At a STA of82° however, the
hamstrings were less activated since the legs are more aligned over the crank axis,
therefore not as much force is required to pull up during the pedal stroke, causing the
quadriceps to be more activated during the downward pedal stroke. As the body is
placed more over the crank axis, as when increasing the STA, the hamstrings are
placed into a mechanically less productive position and are less efficient at producing
force, causing the decrease in EMG amplitude.
During cycling, there is constant coactivation of the hamstrings and
quadriceps muscles. Possibly, as the STA increased,there was less coactivation by
the hamstring muscles and in turn the EMG amplitude was decreased. The
quadriceps muscles are required to do the most work when cycling at a normal STA,
with the hip extensors and knee flexors making up a large portion of the total force as
well. As the hamstrings are brought into an inefficient position, the knee extensors
along with other muscles need to do more work. While not studied, the contribution
of the ankle plantar flexors should _be measured in future studies to get the total
amount of work performed during the pedal stroke at different STAs.
Other studies have looked into muscular activation patterns and performance
at differing body positions and STA's. Brown and colleagues (1), showed that

modification of muscular activation patterns occur when pedaling at different body
.· orientations. The body orientation and trunk angle were slightly changed in our study
by increasing the STA, and we found there was a difference in the muscular
activation patterns in the ST muscle. Garside and Doran (7) also found that following
a 40k cycling session, running efficiency decreases (stride length decreases and hip_
flexion increases) following the session at STA of73° versus a session at STA of 81 °.
They suggested that poorer run speeds are not only due to the prior cycling
performance, but also to the shallow STA of 73°. It is possible that one reason 'to use
a steep frame geometry is to keep the hamstrings less activated during the cycling,
making them less fatigued and likely to tighten up during the run, allowing the
triathlete to keep a longer stride length and thereby run faster
The geometry of the cycle ergometer is the primary factor dictating the lower
limb kinematic patterns of movement while pedaling. The large amount of time spent
by competitive cyclists and triathletes in using their preferred geometries probably
results joint specific neuromuscular adaptations. These adaptations will influence the
efficiency which power is produced by the musculature (10). The preference for a
steep STA> 76° may reflect the need to minimize energy expenditure for a given
power output during the cycling portion of the race (12).
However, regardless of the STA, the power output remained the same in our
study. It has been proposed that increasing hip joint angle by increasing STA
changes the working length of the muscles crossing the hip, which may change forceproducing capabilities of these muscles (12). We did not see a significant increase in
mean maximum activity in any of the muscles studied during the WAT in
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contradiction to the previous study mentioned. Our study measured a constant
resistance over time, and demonstrated that the muscles of hip extension and knee
flexion decreased in EMG amplitude over time. Other studies looking into hip
extension have shown that work proportionally decreased with increased work load
(4) and that increase in workload significantly increased the mean maximum activity
in VM, VL (6). Although we did not increase the workload during the study, we did
observe a fatigue induced increase in muscular activity of the VM and VL muscles.
Possibly, the quadriceps are placed into a position of greater efficiency and are able to
provide a greater torque about the pedal axis while still producing the same amount of
force. As the quadriceps are able. to produce greater torque and are more
efficient,
the
'
.
hamstring muscles are recruited less and there is no change in net power production.
A previous study (2) also showed that higher performance power output is
produced by generating higher peak torques about the center of the crank by applying
larger vertical forces during the down stroke even when cycling at the same absolute
work rate. The quadriceps muscles are responsible for applying forces during the
down stroke while cycling. The quadriceps use greater activation than the hamstrings
at 82 ° and is demonstrated by the increase in EMG amplitude for the VM and VL,
where as the hamstrings both decreased in amplitude from 72 ° to 82 °. Since the
quadriceps showed greater activation, they also showed a greater fatigue because as
the increase in EMG amplitude was seen across both muscles equally across both
STA from the start of the trials to the end.
During submaximal cycling, previous research has shown that there is an
increase in power efficiency with steeper STA (17). Our study had subjects perform
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supramaximal cycling bouts. We did not look into power efficiency for out study and
it would be a good area to examine when performing supramaximal cycling for very
short bouts at differing STA's. Possibly, one way to look into muscle recruitment
strategies during submaximal cycling would be to examine cycling at critical power
across two differing STA and see ifthere are differences in recruitment and power
efficiency.
In conclusion, this study demonstrated the effects on altering the geometry of
the bicycle by changing the STA from 72 ° to 82° . The EMG amplitude signals were
not significantly different across the VM, VL, and BF. The ST muscle however, had
a significant interaction in EMG amplitude across the two STA, with less activation at
82° . The power data was relatively unchanged across the two STA and produced no
significant findings. Further research needs to be performed on submaximal cycling
and changes in STA to see the long-term effects on muscle recruitment strategies in
order to make real world applications to cycling and triathlon.
Future studies should look into the muscle recruitment strategies ofadditional
muscles (such as the ankle plantar flexors), while performing cycling bouts at
different STA's as well as increasing the duration ofthe test and or looking into
changes in pedaling frequency. Studies could also have subjects perform mock
triathlons while testing differing STA's and muscle recruitment strategies.
Practical Applications
In terms ofrelevance to triathletes, it seems the STA does not matter in terms
ofpower, max power, or average power, both STA are able to produce relatively
similar results in terms ofpower during a sprint test. Triathlon is a sport where power
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plays a role when cycling during certain phases and we have demonstrated that no
matter the STA of the bike being used, the power production will not be different.
Most triathletes do not power thro~gh the cycling portion of the race however and
tend to stay at a constant steady-state workload. The reason for the use of a steeper
STA in triathlon is not therefore for the power purpose, it is for the comfort and
decrease in activation of specific muscles. Overall, the STA does not really alter the
power output, but it does change the hamstring recruitment. With the hamstrings
doing less work, adapting a higher cadence and the fact that aerodynamically, a
steeper STA will place the rider in a less resistive position may be enough for
thetriathletes to use a bicycle with a steeper STA and frame geometry.
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Table 1
The Effects of Seat Tube Angle and Fatigue on Muscular Activation
72° Start

72° End

82° Start

82°End

ST (% MVC)

54.61 ± 20.88

65.12 ± 30.86

53.35 ± 27.91

45.44 ± 15.99

BF (% MVC)

65.95 ± 24.39

65.12±30.86

51.51 ± 17.03

45.44 ± 15.99

VL (% MVC)

70.01 ± 13.96

78.04 ± 19.72

65.41 ± 16.23

76.39 ± 27.39

VM (% MVC)

79.68 ± 32.92

89.23 ± 30.68

76.18 ± 24.82

87.21 ± 32.87
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Table 2
The Effects of Seat Tube Angle on Power Production

720
Peak Power (W/Kg)
Ave. Power (W/Kg)
Min. Power (W/Kg)
Power Drop (%)

18.77 ± 1.81
10.01 ± .069
6.09 ± 0.94
67.06% ± 7.21

820
18.99 ± 1.85
9.84 ± 0.78
6 ± 0.76
· 68.07% ± 5.46
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72

_l
Figure 1. Seat Tube Angle (STA) of72° (shallow frame geometry) and STA of 82°
(steep frame geometry).
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